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(54) LIGHT-EMITTING DIODE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable 
light-emitting diode wherein lowering of light emission 
intensity is extremely little even under a use environment 
of a long time in a light-emitting diode having a 
fluorescent material which emits light by converting a 
light emission wavelength from a light-emitting element. 
SOLUTION: In a light-emitting diode which is composed 
of the light-emitting element, a base whereon the light- 
emitting element is mounted and a lid to be adhered to 
the base for sealing the light-emitting element, the lid 
has a light transparent glass member having a 
fluorescent material. As another aspect, a hollow part, 
which is enclosed with a recessed part of the base 
whereon the light-emitting element is mounted and the 

lid with the glass member, is charged with powder composed of the fluorescent material. 
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104i:£^101 ©DOaijSBicgttl ^Hfc y 
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y^HiS-f iiSclw. ^il!*tB©;!/7;^lfMtl^YAG : 

H{k$*, ^?ttefC*s-g-*Snfc^$0. 1mm© 
tE«©:itf7:=^^B5ttiS-J15^L. Ctt^^^^i o 6 h-Th, 40 
SflE 1 0 1 OUnifliiliitSRtCjgifffl 1 0 5 i LT^/I^^V 
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[0 0 5 1 J Clt««»Jl] tPJ^ClL-T, ^{t 
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3:;K=5r->«tagtYAG : C e^Jtflc^r J: < fl^LT 
;^7y-i:f5. ^©;^7y-SrSflt6 0 1©DflSPrt»J: 

5te«uei<kgF'*T, «3fef»S6 0 53^#*r$ttfc*f±«j 
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[Hi] *%?g©-Slli©J^SI©SMDl!«)t4^-1'3j- 
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(54) UGHT-EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly reliable 
light-emitting diode wherein lowering of light emission 
intensity is extremely little even under a use 
environment of a long time in a light-emitting diode 
having a fluorescent material which emits light by 
converting a light emission wavelength from a light- 
emitting element, 

SOLUTION: In a light-emitting diode which is composed 
of the light-emitting element, a base whereon the light- 
emitting element is mounted and a lid to be adhered to 
the base for sealing tiie light-emitting element, the lid 
has a light transparent glass member having a 
fluorescent material. As another aspect, a hollow part, 
which is enclosed with a recessed part of the base 
whereon the light-emitting element is mounted and the 
lid with the glass member, is charged with powder 
composed of the fluorescent material. 
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* NOTICES * 

JPO and INPlf are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A light emitting device. 

A base which lays a light emitting device. 

A lid pasted up on said base in order to close a light emitting device. 

It is the light emitting diode provided with the above, and said lid consists of a glass member of 
translucency, or it has a glass member of translucency, and while, said translucency glass 
member is provided with a fluorescent substance which absorbs at least a part of luminous 
wavelength where a light emitting device emits light carries out wavelength changing and emits 
light. 

[Claim 2]The light emitting diode according to claim 1 with which said fluorescent substance is 
distributed in a glass member of said translucency. 

[Claim 3]The light emitting diode according to claim 1 or 2 with which a fluorescent substance 
contained layer is formed in an inner surface and/or an outside surface of a glass member of 
said translucency. 

[Claim 4]A base provided with a crevice. 

A li^t emitting device provided in the bottom of this crevice. 

A lid pasted up on said base in order to close this light emitting device. 

Are the light emitting diode provided with the above, and said lid consists of a glass member of 
translucency, or have a glass member of translucency, and while, A centrum surrounded by a 
crevice and a lid of said base is filled up with powder which consists of a fluorescent substance 
which absorbs at least a part of luminous wavelength where a light emitting device emits light, 
carries out wavelength changing and emits light. 

[Claim 5]The light emitting diode according to claim 4 which an inorganic filler of translucency 
contains further to said powder. 

[Claim 6]The light emitting diode according to claim 1 to 5 by which wire bonding is carried out 
to a lead electrode in which said light emitting device was Joined via wax material on said base, 
and an electrode of a positive/negative couple formed on the same side of a light emitting device 
was formed in a base, respectively. 

[Claim 7]The light emitting diode according to claim 1 to 5 by which an electrode of a 
positive/negative couple formed in the same side side of said light emitting device is connected 
with a lead electrode formed in a base via solder or a metallic bump, respectively. 
[Claim 8]The light emitting diode according to claim 1 to 7 with which said light emitting device 
has a nitride based compound semiconductor in a luminous layer at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Inventron]This invention relates to a light emitting diode available to a back light, an 
illumination light source, various indicators, a traffic light of a liquid crystal, etc., especially 
reliability is related with a high light emitting diode with little aging. 
[0002] 

[Description of the Prior Art]The LED tip in which blue glow used the nitride semiconductor 
(In^GayAI^_j^_yN, 0<=x<=1, 0<=y<=l) which is a semiconductor light emitting element which can 

emit light to highHntensity was developed today. As compared with the light emitting device 
which emits light in yellowish green from the red using materials, such as other GaAs(es) and 
AlInGaP, the light emitting device using a nitride semiconductor with a high output. Although the 
color shift by temperature has the features, like it is few. there is a tendency that it can be hard 
to obtain high power in the long wavelength region which has the wavelength more than green, 
the place by the present On the other hand, at least a part of blue glow emitted from the LED 
tip on this LED tip is absorbed. By arranging the YAG:Ce fluorescent substance etc. which are 
the fluorescent substances in which yellow can emit light, these people also developed the light 
emitting diode with which a white system can emit light, and it applied (international publication 
number WO 98/No. 5078). 

[0003]The light from the LED tip electrically connected to the lead electrode really molded into 
the package, for example like drawing 6 as such a light emitting diode, The SMD type light 
emitting diode which emits light in the mixed-colors light of the light from fluorescent 
substances, such as YAG:Ce contained in the translucency resin which closes a LED tip, is 
mentioned. Thus, the fluorescent substance which absorbs and carries out wavelength changing 
of the light -from a LED tip is contained in sealing resin, and is arranged around the LED tip. As 
sealing resin, adhesion with a nitride semiconductor was good, and it excelled in the mechanical 
strength, and is chemically stable, and epoxy system resin is best used from the reasons of a 
price being cheap and there being now. 
[0004] 

[Problem(s) to be Solved by the Invention]However, it has the character in which sealing resin, 
such as epoxy system resin, is weak from a light emitting device to a strong light and heat. Since 
it is energy-rich compared with other colors in the case of the light emitting diode using the 
nitride semiconductor device in which especially luminescence of short wavelength is possible, 
sealing resin will deteriorate and color gradually from the circumference of a light emitting 
device, and the coloring section will absorb the light from a light emitting device. The 
temperature of a light emitting device rises at the time of a drive, degradation and coloring of 
sealing resin arise also with the heat from a light emitting device, and especially small LED tends 
to receive the influence by heat fi^om the problem of heat dissipation nature. Under the operating 
environment of a long time [ reason / such ]. although the light emitting device itself has not 
deteriorated, the luminescence intensity of a light emitting diode will fall and use of it will 
become improper. Therefore, in spite of being a light emitting diode in which high power is 
possible, the actual condition is being able to send only small current and fully being unable to 
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pull out the characteristic. Then, the purpose of this invention solves an aforementfoned problem 
and there is jn providing the light emitting diode excellent in reliability with very few falls of 
luminescence intensity under a prolonged operating environment 
[0005] 

[Means for Solving the Problem]Namely, in a light emitting diode with which a light emitting diode 
of this invention consists of a light emitting device, a base which lays a light emitting device, and 
a lid pasted up on said base in order to close a light emitting device. Said lid consists of a glass 
member of translucency. or it has a glass member of translucency. and while, said translucency 
glass member is provided with a fluorescent substance which absorbs at least a part of luminous 
wavelength where a light emitting device emits light, carries out wavelength changing and emits 
light. 

[0006]Si nee a fluorescent substance can be arranged by constituting in this way around a light 
emitting device, without using resin, a problem of resin deterioration by light and heat from a light 
emitting device which had become a problem conventionally is lost, and a reliable long 
wavelength conversion type light emitting diode can be realized. 

[0007]The light emitting diode of this invention according to claim 2 is a light emitting diode with 
which a fluorescent substance is distributed in a glass member of translucency. 
[0008]The light emitting diode of this invention according to claim 3 is a light emitting diode with 
which a fluorescent substance contained layer is formed in an inner surface and/or an outside 
surface of a glass member of translucency. 

[0009]The light emitting diode of this invention according to claim 4. In a light emitting diode 
which consists of a base provided with a crevice, a light emitting device provided in the bottom 
of this crevice, and a lid pasted up on said base in order to close this light emitting device. Said 
lid consists of a glass member of translucency, or is provided with a glass member of 
translucency, and while. A centrum surrounded by a crevice and a lid of said base is filled up with 
powder which consists of a fluorescent substance which absorbs at least a part of luminous 
wavelength where a light emitting device emits light, carries out wavelength changing and emits 
light. 

[0010]Since a fluorescent substance can be arranged by constituting in this way around a light 
emitting device, without using resin, a problem of resin deterioration by light and heat from a light 
emitting device which had become a problem conventionally is lost, and a reliable long 
wavelength conversion type light emitting diode can be realized. 

[001 1]The light emitting diode of this invention according to claim 5 is a light emitting diode 
which an inorganic filler of translucency contains further to powder. 

[001 2]As for the light emitting diode of this invention according to claim 6. a light emitting device 
is joined via wax material on said base, and an electrode of a positive/negative couple formed on 
the same side of a light emitting device is a light emitting diode by which wire bonding is carried 
out to a lead electrode formed in a base, respectively. With constituting in this way, a light 
emitting diode of high-reliability with still less aging is obtained. 

[0013]The light emitting diode of this invention according to claim 7 is a light emitting diode by 
which an electrode of a positive/negative couple formed in the same side side of a light emitting 
device is connected with a lead electrode formed in a base via solder or a metallic bump, 
respectively. With constituting in this way, a light emitting diode of high-reliability with still less 
aging is obtained. 

[0014]The light emitting diode of this invention according to claim 8 is a light emitting diode with 
which a light emitting device has a nitride based compound semiconductor in a luminous layer at 
least. 
[0015] 

[Embodiment of the Invention]As a result of various experiments, this invention persons find out 
the long wavelength conversion type light emitting diode which can arrange the fluorescent 
substance which absorbs at least a part of luminous wavelength where a light emitting device 
emits light, carries out wavelength changing and emits light around a light emitting device without 
using resin, and came to accomplish this invention. 

[001 6] Although the light emitting device was closed in the conventional long wavelength 
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conversion type light emitting diode by the resin which made the fluorescent substance contain, 
in such a liglpt emitting diode, resin deteriorated with time progress with the light and the heat 
from a light emitting device, and there was a problem that the luminescence intensity of a light 
emitting diode fell. Especially degradation of resin by ultraviolet rays also had the problem that it 
was remarkable and the LED tip which emits ultraviolet rays could not be used as a light emitting 
device. However, according to the light emitting diode of this invention, in order not to close the 
light emitting device circumference by resin, the light emitting diode excellent in reliability with 
very few falls of luminescence intensity under a prolonged operating environment is obtained. 
Since there is no degradation by resin, the use under high electric current is attained and it 
becomes possible to realize a high-output light emitting diode. Since the LED tip which emits 
ultraviolet rays to a light emitting device since there is no degradation by resin can also be used, 
the light emitting diode of all color tones can be obtained combining various fluorescent 
substances which are excited by ultraviolet rays and emit visible light. Hereafter, the light 
emitting diode of the embodiment concerning this invention is explained. 

[0017](Embodiment 1) Drawing 1 is a type section figure showing the composition of the SMD 
type light emitting diode of Embodiment 1 concerning this invention, and LED tip 103 is arranged 
on the lead electrode 102 of the couple exposed to the recessed bottom fiace of the base 101. 
On each electrode of the positive/negative couple which LED tip 103 is a light emitting device 
which makes a luminous layer a blue gallium nitride system compound semiconductor, and was 
formed in the same field side. The gold bump 104 is formed, respectively, and ultrasonic flip chip 
mounting is carried out so that these vamps 104 and the lead electrode 102 exposed to the 
recessed bottom face of the base 101 may be connected, respectively. In order to carry out the 
hermetic seal of the LED tip to the base 101, the lid 106 which consists of glass members has 
pasted up via the adhesives 105, such as an epoxy resin. The lid 106 consists of a glass member 
of translucency. and the fluorescent substance which absorbs at least a part of luminous 
wavelength where said LED tip 103 emits light, carries out wavelength changing and emits light is 
distributed in the glass member of the translucency. 

[0018](Embodiment 2) Drawing 2 is a type section figure showing the composition of the SMD 
type light emitting diode of Embodiment 2 concerning this invention, and LED tip 203 is arranged 
at the lead ** 202 best quality of the couple exposed to the recessed bottom face of the base 
201. On each electrode of the positive/negative couple which LED tip 203 is a light emitting 
device which makes a gallium nitride system compound semiconductor a luminous layer, and was 
formed in the same field side, The gold bump 204 Is formed, respectively, and ultrasonic flip chip 
mounting is carried out so that these vamps 204 and the lead electrode 202 exposed to the 
recessed bottom face of a base may be connected, respectively. In order to carry out the 
hermetic seal of LED tip 203 to the base 201. the lid 206 has pasted up via the adhesives 205, 
such as an epoxy resin. To the side as for which this lid 206 consists of a glass member of 
translucency, and one field side of that glass member that is, serves as an inner surface to the 
base 201 at the time of adhesion. The fluorescent substance contained layer 207 containing the 
fluorescent substance which absorbs at least a part of luminous wavelength where said LED tip 
203 emits light, carries out wavelength changing and emits light is formed. 

[001 9](Embodiment 3) Drawing 3 i s a mimetic diagram showing the composition of the SMD type 
light emitting diode of Embodiment 4 concerning this invention, (a) is a perspective view showing 
the base to be used, pastes up a base by the insulating member 303, and it consists of the 1 st 
metal department 301 and 2nd metal department 302 that were separated electrically. The 
surface may be plated with Ag, in order for Cu with sufficient thermal conductivity, etc. to be 
able to use it preferably as a material of the 1st metal department 301 and the 2nd metal 
department 302 and to improve reflectance. An epoxy resin etc. can be used as the insulating 
member 303. (b) is a type section figure of the direction of XX' of (a) showing the SMD type light 
emitting diode produced using the base of (a). LED tip 304 is a light emitting device which makes 
a gallium nitride system compound semiconductor a luminous layer, and die bonding is carried 
out to the recessed bottom face of the 1st metal department 301 that has a crevice via the die 
bonding materials 305, such as solder, the positive electrode and the negative electrode which 
were formed in the same side side of LED tip 304 — wire bonding of one inner electrode, the 
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electrode of another side of the 1st metal department 301 and LED tip 304, and the 2nd polar 
zone 302 is carried out by the conductive wires 306, such as a gold streak, and electrical 
continuity is taken. The continuing slot is formed from the crevice of the 1st metal department 
as wire bonding sections of the 1st metal department 301 and the 2nd metal department 302, 
and this slot is made to fill up with and harden the insulating members 307, such as an epoxy 
resin, after wire bonding here. After stiffening the insulating member 307 and being filled up with 
the powder 308 of a fluorescent substance in the crevice of the 1st metal department 301, the 
lid 310 which consists of glass members is adhered to a base via the adhesives 309 so that the 
powder 308 may not move in the inside of a crevice, and a powder surface is stopped by the lid 
310. At this time, the fill ration of the powder 308 of a fluorescent substance can be adjusted to 
the optimum amount by making the lid 310 into the crevice of the 1st metal department 301, and 
shape which fits in, as shown in a figure, 

[0020](Embodiment 4) Drawing 4 is a type section figure showing the composition of the can 
type light emitting diode of Embodiment 4 concerning this invention. Two breakthroughs are 
provided in the recessed bottom face of the metal stem 401, and the lead electrode 402 is being 
fixed to the breakthrough via the insulating member 403, respectively. As a material of the metal 
stem 401 or the lead electrode 402, a Cu alloy, an aluminum alloy, and a Fe alloy can use it 
preferably. Glass, glass epoxy resin, ceramics, etc. are used as the insulating member 403. LED 
tip 404 is a light emitting device which makes a gallium nitride system compound semiconductor 
a luminous layer, and die bonding is carried out via the die bonding materials 405. such as the 
Handaya low melting point metal, on the recessed bottom face of the metal stem 401. Wire 
bonding of each electrode and the lead electrode 402 of a positive/negative couple which were 
formed in the same field side of LED tip 404 is carried out by the conductive wires 406. such as 
a gold streak, respectively, and electrical continuity is taken. Then, after being filled up with the 
powder 408 of a fluorescent substance in the crevice of the metal stem 401, the lid 409 of the 
shape of a lens which consists of glass members is adhered to the metal stem 401 via the 
adhesives 408 so that the powder 407 may not move in the inside of a crevice. 
[0021]Each component of the light emitting diode of these Embodiments 1-4 is explained below. 
(Fluorescent substance) As a fluorescent substance used for the light emitting diode of this 
invention, it is excited in response to the light from a light emitting device, and various 
fluorescent substances which can emit light in the visible light of long wavelength can be used 
rather than it. 

[0022]For example, when the light emitting device in which ultraviolet radiation can emit light is 
used as a light emitting device, as a fluorescent substance, the fluorescent substance which is 
excited by ultraviolet rays and emits visible light can be used. They are mentioned by a silicate 
system fluorescent substance, a phosphate system fluorescent substance, an ulmin acid system 
fluorescent substance, a rare earth system fluorescent substance, an acid rare earth system 
fluorescent substance, zinc sulfide system fluorescent substance, etc., and specifically in a green 
system luminescence fluorescent substance. YgSiOg: Ce. Tb, MgAI^^O^grCe. Tb, BaMg2Al^g027: 

Mn, S:Ag (Zn, Cd), ZnSAu, Cu, aluminum, ZnS:Cu, aluminum, SrAI^O^rEu, In a blue system 

luminescence fluorescent substance (SrCaBa) 5(^0^) gChEu, (BaCa) 5(P0^} ^ChEu, 

BaMggAl^gO^^: Eu, Sr^CPO^) jChEu, Sr^PgOy- Eu. ZnSiAg, aluminum, ZnSrAg, aluminum 

(pigmented), In ZnSrAgCI, ZnS:AgCI (pigmented), and a red system luminescence fluorescent 
substance. Y^Og&Eu, YgO^Sfu (pigmented), Y203:Eu, 3.5MgO, O.SMgFg and Ge02:Mn. Y(PV) 

0^:Eu, 5MgO and 3Li20-Sb205:Mn, Mg2Ti04:Mn. etc. are mentioned. As what has comparatively 

high luminous efficiency. Y202S:Eu is mentioned with Srg(PO^) 3CI:Eu and a red system 

luminescence fluorescent substance with SrAl20^:Eu and a blue system luminescence 

fluorescent substance at a green system luminescence fluorescent substance, as [ mentioned / 
above ] — green — a system luminescence fluorescent substance — blue — the light emitting 
diode with which white can emit light can be obtained by using it combining the fluorescent 
substance of three sorts of luminescent color of a system luminescence fluorescent substance 
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and a red system luminescence fluorescent substance. 

[0023lWhen the light emitting device in which a blue system can emit light is used as a light 
emitting device, the yttrium aluminum garnet system fluorescent substance activated by the 
comptementary color with cerium as a fluorescent substance in which a white system can emit 
light is used suitably. In this specification, especially the yttrium aluminum garnet system 
fluorescent substance activated with cerium shall be interpreted in a broad sense. It is used for 
the large meaning containing the fluorescent substance which emits the scintillation effect which 
replaces some or the whole of yttrium by at least one element chosen from the group which 
consists of Lu, Sc. La. Qd, and Sm, or replaces a part or the whole of aluminum by any of Ga and 
In, or both. 

[0024]In detail General formula (Y^Gd^^^ gAlgO^g-^®- photoluminescence fluorescent 
substance and general formula (Rei-aSm^} ^Re'^O^^-^® which are shown by (0< z<=1 
[ however, ]). (however, 0<=a<1, 0<=b<=l, and Re are chosen from Y, Gd, La, and Sc — a kind 
and Re' at least are chosen from aluminum, Ga, and In — it is a kind at least.) — it is a 
fluorescent substance shown. 

[0025]This fluorescent substance can be strong for heat, light, and moisture, and can make the 
peak of an excitation spectrum carry out near 450 nm for garnet structure. It has a broadcloth 
emission spectrum in which a light emission peak is also near 580 nm. and lengthens the skirt to 
700 nm. 

[0026]Excited light efficiency of a not less than 460-nm long wavelength region can be made 
high by containing Gd (gadolinium) during a crystal. By the increase in the content of Gd, an 
emission peak wavelength moves to long wavelength, and also shifts the whole luminous 
wavelength to the long wavelength side. That is. when the strong luminescent color of redness is 
required, the amount of substitution of Gd can be attained by making [ many ] it. On the other 
hand, Gd increases and the light emitting luminance of the photoluminescence by blue glow tends 
to fall. 

[0027]And a luminous wavelength shifts a part of aluminum to the short wavelength side In 
replacing by Ga among the presentations of an yttrium aluminum garnet system fluorescent 
substance with garnet structure. A luminous wavelength shifts a part of Y of a presentation to 
the long wavelength side in replacing by Gd. Thus, it is also possible to acljust the luminescent 
color continuously by changing a presentation. 

[0028]Such a fluorescent substance is obtained as follows. First, an oxide or the compound 
which turns into an oxide easily at an elevated temperature is used as a raw material of Y, Gd, 
Ce, aluminum, and Ga, they are fully mixed by a stoichiometric ratio, and a raw material is 
obtained. Or the coprecipitation oxide produced by calcinating what coprecipitated the solution 
which dissolved the rare earth element of Y, Gd, and Ce in acid by the stoichiometric ratio with 
oxalic acid, and an aluminum oxide and gallium oxide are mixed, and a mixed raw material is 
obtained. A proper quantity of fluorides, such as ammonium fluoride, are mixed as flux to this, 
crucible is stuffed, it can calcinate among the air in a 1350-1450 ** temperature requirement for 
2 to 5 hours, a burned product can be obtained, and it can obtain by carrying out the ball mill of 
the burned product underwater next, and letting a screen pass at washing, separation, 
desiccation, and the last. 

[0029]. Otherwise blue, and blue-green and green are absorbed and it is a fluorescent substance 
in which red can emit light. The nitrogen content GaO-aluminum203-Si02 fluorescent substance 

(oxy nitride fluorescence glass) etc. which were activated with the sapphire (aluminum oxide) 
fluorescent substance, the europium, and/or cerium which were activated with a europium 
and/or cerium are mentioned. White light can also be acquired using these fluorescent 
substances with the mixed colors of the light from a light emitting device, and the light from a 
fluorescent substance. 

[0030]The nitrogen content CaO-aluminum203-SI02 fluorescent substance activated with a 

europium and/or cerium. Raw materials, such as an aluminum oxide, yttrium oxide, oxidized 
silicon, and a calcium oxide, are made to fuse and fabricate the powder which mixed the rare 
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earth raw material to predetermined in 1300 ** to 1900 *♦ (from 1500 ** to 1750 ** 

[ Preferably.]) in the bottom of a nitrogen atmosphere. The ball mill of the cast can be carried 

out and a fluorescent substance can be made to form in washing, separation, desiccation, and 

the last through a screen. It can be considered as the excitation spectrum which had a peak in 

450 nm by this, and the Ca'-aluminum~Si~'0~N system oxy nitride fluorescence glass activated 

by Eu and/or Cr in which red light can emit light by the blue glow which has a peak in about 650 

nm. 

[0031]The peak of an emission spectrum can be continuously shifted from 575 nm to 690 nm by 
fluctuating the nitrogen content of the Ca-aluminum-Si-O-N system oxy nitride fluorescence 
glass activated with a europium and/or cerium. Similarly, an excitation spectrum can also be 
shifted continuously. Therefore, a white system can be made to emit light by the synthetic light 
of the light from the gallium nitride system compound semiconductor which contains in a 
luminous layer GaN by which impurities, such as Mg and Zn, were doped, and InQaN, and the light 
of about 580-nm fluorescent substance. In particular, about 490-nm light can also obtain 
luminescence ideal for combination with the light emitting device which consists of a gallium 
nitride system compound semiconductor which contains in a luminous layer InGaN which can 
emit light to high-intensity. 

[0032] moreover — using the light emitting device in which a blue system can emit light by 
combining the nitrogen content Ca-aluminum-Si-O-N system oxy nitride fluorescence glass 
activated with the YAG system fluorescent substance, the europium, and/or cerium which were 
activated by above-mentioned Ge — RGB (red and green.) The light emitting diode with very 
high color rendering properties which contains a blue ingredient in high-Intensity can also be 
made to form. 

[0033](Light emitting device) The semiconductor light emitting element with comparatively high 
band energy in which the light emitting device can excite various phosphor material efficiently is 
mentioned suitably. As such a light emitting device, the nitride based compound semiconductor 
formed by the MOCVD method etc. is used. The nitride based compound semiconductor light 
emitting element can make a luminous layer In Al Ga.^^N (however, 0<=x, 0<=y. x+y<=1X and 

can choose various oscillation wavelengths with the material and its degree of mix crystal of a 
semiconductor layer. As element structure of a semiconductor, the thing of terrorism 
composition is mentioned to the gay structure, hetero structure, or double which has MIS 
junction, PIN junction, pn junction, etc. A semiconductor active layer can also be made into the 
single quantum well structure and multiple quantum well structure which were made to form in 
the thin film which a quantum effect produces. In particular, in the invention in this application, 
by making the active layer of a LED tip into the multiple quantum well structure which consists 
of InGaN(s), there is no degradation of a photoluminescence fluorescent substance and it can 
use as a light emitting diode which emits light to high-intensity more. 
[0034]When a gallium nitride system compound semiconductor is used, materials, such as 
sapphire, a spinel, SiC, Si, and ZnO, are used for a semiconductor substrate. In order to make 
good crystalline gallium nitride form, it is preferred to use a sapphire substrate. Buffer layers, 
such as GaN and AIN, are formed on this sapphire substrate, and the gallium nitride system 
compound semiconductor which has pn junction is made to form on it. A gallium nitride system 
compound semiconductor shows n type conductivity in the state where an impurity is not doped. 
When making the n type gallium nitride system compound semiconductor of a request, such as 
raising luminous efficiency, form, it is preferred to introduce Si, germanium, Se, Te. C. etc, 
suitably as a n type dopant. On the other hand, when making a p type gallium nitride system 
compound semiconductor form, Zn, Mg, Be. Ca. Sr. Ba, etc. which are p type DOPANDO are 
made to dope. Only by doping a p type dopant since itis [ p-^ype-] hard toize a gallium nitride 
system compound semiconductor, it is preferred to make it low-resistance-ize after p type 
dopant introduction by heating, low-speed electron beam irradiation, plasma irradiation at a 
furnace, etc. After making the exposed surface of a p-type semiconductor and an n-type 
semiconductor form by etching etc., after using sputtering process, a vacuum deposition method, 
etc. and making each electrode of desired shape form on a semiconductor layer, a wafer can be 
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divided, and a LED tip can be obtained. 

[0035]Wh(9n making the yttrium aluminum garnet fluorescent substance activated with cerium 
emit light in the light emitting diode of the invention in this application, It is preferred that the 
main-light-emission peak wavelength of a light emitting device is in the not less than 400-nm 
range of 530 nm or less in consideration of complementary color relation with a fluorescent 
substance, and not less than 420 nm 490 nm or less rs more preferred, in order to raise the 
efficiency of a LED tip and a fluorescent substance more, respectively, it is in the not less than 
450-nm range of 475 nm or less — ** — it is desirable. In the light emitting diode of this 
invention, as for the mainHight-emission peak of a light emitting device, when using the 
fluorescent substance which is excited by ultraviolet rays and emits visible light as a fluorescent 
substance, it is preferred that it is in the not less than 360-nm range of 390 nm or less. Thus, in 
consideration of combination with a fluorescent substance, the light emitting device of the 
optimal luminous wavelength is chosen. In addition to the LED tip of the invention in this 
application, the LED tip which does not excite a fluorescent substance can also be used 
together. A semiconductor laser can also be used as a light emitting device. 
[0036](Package) The package used by this invention comprises a base for laying a light emitting 
device, and a lid for closing a light emitting device, and what the lid equipped with the 
translucency glass member is used. The lid may be formed by the translucency glass member, 
equips a light emitting device and the portion which counters with the glass member of 
translucency. and may be constituted. Various packages, such as a resin package surface mount 
type [ like. Embodiments 1 and 2 ]. a surface mount type metal package [ like / Embodiment 3 ], 
a can type package like Embodiment 4, can be used. 

[0037]. In order to realize a long wavelength conversion type light emitting diode, arrange the 
fluorescent substance which absorbs at least a part of luminous wavelength where a light 
emitting device emits light, carries out wavelength changing and emits light around a light 
emitting device. By making a fluorescent substance contain like Embodiments 1-3 as the 1st 
means in this invention in the glass member of the translucency with which the lid was equipped, 
or making a fluorescent substance contained layer form in the inner surface and/or outside 
surface of a glass member of translucency. The long wavelength conversion type light emitting 
diode which emits light in the mixed-colors light of luminescence from a light emitting device and 
luminescence from a fluorescent substance is made to form. Here, in order to form a fluorescent 
substance contained layer in the inner surface and/or outside surface of a glass member, after 
making it distribute in a binder and applying a fluorescent substance, it can form by heating and 
flying a binder. At this time, it becomes short about the distance of a light emitting device and 
the glass member which the fluorescent substance contained by making the glass member of 
translucency Into the crevice of a base, and shape which fits in. and enables a fluorescent 
substance to change more efficiently the light emitted from the light emitting device. 
[0038]As the 2nd means of this invention arranged around a light emitting device, a fluorescent 
substance. A light emitting device is made to lay in the bottom of the crevice formed in the base 
like Embodiments 4 and 5. and the long wavelength conversion type light emitting diode which 
emits light in the mixed'colors light of luminescence from a light emitting device and 
luminescence from a fluorescent substance is made to form by filling up a fluorescent substance 
with a powdered state into the centrum surrounded by the crevice and lid. At this time, the fill 
ration of a fluorescent substance can be acjjusted to the optimum amount by adjusting the cavity 
height of a package, making a glass member into shape which fits in in the crevice of a package, 
or making the filler of an inorganic member contain further in powder. The effect as a dispersing 
agent can also be given. As a filler of an inorganic member, what is necessary is Just 
translucency and S1O2, TiOg, etc. can specifically be used. 

[0039]Although the resin which made the fluorescent substance contain is filled up into a cavity 
with the conventional method of making a fluorescent substance contain in resin and was 
solidified according to the molten state by it, since separation of resin and a fluorescent 
substance would arise at this time by the time resin solidifies according to specific gravity 
difference, it was difficult to distribute a fiuorescent substance uniformly in resin. However, in 
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the light emitting diode of this invention, since air bubbles will not be formed without separation 
arising according to specific gravity difference even if it contains the filler in order to fill up with 
a powdered state in a cavity. It becomes possible to make light emit uniformly without color 
unevenness. It is not necessary to form a mask like [ in order to fill up a fluorescent substance 
with a powdered state in a cavity / when carrying out the resin seal of the inside of a cavity by 
mimeograph printing ], and with the light emitting diode of this invention, since the time which 
solidifies resin also becomes unnecessary, it excels in productivity dramatically. In the 
conventional light emitting diode which closed the inside of a cavity with resin, glass, etc.. 
defects, such as wire opening, may occur with the reflow heat at the time of mounting with 
exfoliation by the thermal expansion coefficient difference of a LED tip, a substrate and a lead 
electrode, and a sealing member. Although there is especially an advantage of excelling in heat 
dissipation nature in the package of a metallic material, thermal expansion coefficient difference 
with a sealing member is large, it is easy to produce exfoliation between a package and a sealing 
member, and there is a possibility that a lighting distribution characteristic may change in 
connection with it. However, with the light emitting diode of this invention, since the fluorescent 
substance is filled up with the powdered state in the cavity, exfoliation by thermal expansion 
coefficient difference does not occur, but it excels in reliability dramatically. 
[0040](Glass member) By making into desired shape shape of the glass member of the 
translucency with which a package is equipped, the lens effect which converge luminescence 
from a light emitting device, or it is made to diffuse can also be given. For example, it is good as 
for convex lens shape or concave lens shape in the light-emitting surface side. As stated above, 
in order to adjust distance with a light emitting device, and the fill ration of a fluorescent 
substance, the light emitting device side may be made into shape which fits in in the crevice of a 
package. 

[0041](Lead electrode) The package has a lead electrode for electrically connecting with each 
electrode of a LED tip, and can take various shape according to the gestalt of a light emitting 
diode. For example, in the case of a resin package like Embodiments 1 and 2, the metal plate of a 
couple can be constituted as a lead electrode. The function as a package and a lead electrode 
can also be collectively given like Embodiment 3. Uke Embodiment 4, a lead electrode can also 
be provided in a metal stem via an insulating member. It is called for that these lead electrodes 
have good connectivity and electrical conductivity with the bonding wire etc. which are 
conductive wires. As a concrete material, the alloy of iron, copper, and copper, etc. and the thing 
by which metal plating, such as silver, aluminum, and gold, was performed to these are 
mentioned. 

[0042](Mounting means) In order to electrically connect a light emitting device and a lead 
electrode, the electrode of a light emitting device and the lead electrode of a package may be 
made to mount by a flip chip, and the electrode and lead electrode of a light emitting device may 
be connected by wire bonding. However, like these Embodiments 1 and 2. when the glass 
member of the lid is equipped with the fluorescent substance, it is preferred to carry out flip chip 
mounting of the light emitting device. Since the space for stretching a wire becomes 
unnecessary and distance of a light emitting device and a glass member can be shortened by 
carrying out flip chip mounting, it enables a fluorescent substance to change more efficiently the 
light emitted from the light emitting device. 

[0043]When making it mount by a flip chip, as a cementing material, a metallic bump and solder 
are used and a gold bump is used preferably. A gold bump may form in the electrode of a light 
emitting device, and may form in the lead electrode of a base. When carrying out flip chip 
mounting using a gold bump, it is preferred to use the ultrasonic flip-chip-bonding method to 
which a gold bump is ultrasonically joined between metal. In various flip-chip-mounting methods, 
this is a simple packaging system with the highest productivity, and according to this, since it 
does not need resin for a joined part, either, its reliability improves further and it can respond 
also to high electric current. 

[0044]When making it connect by wire bonding, as a die bonding material for carrying out die 
bonding of the light emitting device to the base of a package, in consideration of degradation by 
the light and the heat from a light emitting device, resin is not used but wax material, such as the 
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Handaya low melting point metal, is used. In, Au-Sn, Sn-Pb, Sn-Ag. Sn-Ag-Cu, Sn-Cu-nickel, 
, Sn-Sb, S(i-Pb-Ag, Sn-Bi, Sn-Bi~Pb. Sn-Pb-Ar-Sb. etc. are mentioned, and, specifically, a 
stable Au-Sn eutectic crystal is used chemically preferably. These wax material may be made to 
form in the bonding position of a light emitting device or a base as a thin film by methods, such 
as vacuum evaporation, weld slag, or plating, beforehand, and may be made to form as a vamp 
with gold, solder, etc. Thus, after making a thin film and a vamp form, die bonding of the light 
emitting device is carried out on a base by thermo compression bonding. Die bonding is possible 
also for bonding by thermo-compression by making foil material only intervene between a light 
emitting device and a base, and pasting up a light emitting device and a base on foil material 
simultaneously. 
[0045] 

[Example][Example 1] The long wavelength conversion type SMD type light emitting diode like 
drawing 5 is formed as a light emitting diode of this Invention. As a base, the lead electrode 502 
is formed by punching processing, putting glass epoxy resin into an injection molding machine 
hopper, and carrying out heat melting, it pours in into the metallic mold which arranged the lead 
electrode 502, and the base 501 is formed using injection molding. 

[0046]As a light emitting device, it has a luminous layer which consists of InGaNCs). and a main- 
light-^emission peak uses LED tip 503 which is 470 nm. A LED tip is formed using the MOCVD 
method. Specifically, the silicon on sapphire washed in the reaction chamber is arranged As 
reactant gas. TMG (trimethyl) gas, TMI (trimethylindium) gas, Hydrogen gas is used as TMA 
(trimethylaluminum) gas. ammonia gas, and carrier gas. silane gas and cycle pen TAJIA 
magnesium are used as impurity gas, and membranes are made to form. 

[0047]AIGaN which is a low temperature buffer layer on silicon on sapphire as lamination of a 
light emitting device, GaN of the Si dope which non-doped GaN (about 15000A in thickness) 
which raises crystailinity. and an electrode are formed, and works as a n type contact layer 
(about 21650A in thickness). Non-doped GaN (about 3000A in thickness) which raises 
crystailinity, GaN non-doped as a n type clad layer (about 50A in thickness), Non-doped GaN 
(about 40A In thickness) which raises the crystailinity of the multilayer film which consists of 
superlattice of GaN (about 300A in thickness) which doped Si, and the luminous layer formed on 
it. As the multilayer film which consists of superlattice of non-doped InGaN (about 20A in 
thickness), and a luminous layer which consists of multiple quantum well structures. The 
multilayer film of non-doped GaN (about 250A in thickness), and InGaN (about 30A in thickness), 
GaN (about 1200A in thickness) by which Mg which is the multilayer film and p type contact 
layer which consist of superlattice of GaAIN (about 40A in thickness) by which InGaN (about 25A 
in thickness) by which Mg which works as a p type contact layer was doped, and Mg were doped 
was doped is made to form. 

[0048]In this way, the negative electrode by the side of n is formed in the upper surface of the n 
type contact layer which etched selectively the p type gallium nitride system semiconductor 
layer and luminous layer of the semiconductor wafer which formed membranes, made expose a n 
type contact layer, and was exposed. The 1st positive electrode by the side of p is formed all 
over almost [ of the upper surface of a p type contact layer ], and the 2nd positive electrode is 
formed in the position which is separated from the negative electrode on the 1 st electrode. After 
forming an insulator layer except for the opening on the negative electrode and the 2nd positive 
electrode after electrode formation so that each electrode and each semiconductor layer may be 
covered, and forming a gold bump in the opening of the negative electrode and the 2nd positive 
electrode, it divides into each light emitting device, and LED tip 503 in which blue can emit light 
is made to form. 

[0049]Rip chip mounting of LED tip 503 forrhed as mentioned above Is carried out so that the 
vamp 504 formed on each electrode of LED tip 503. respectively and the lead electrode 502 
exposed to the recessed bottom face of the base 501 may connect, respectively. Then, after 
being filled up with the powder 505 of a YAG:Ce fluorescent substance in the crevice of the base 
501 and applying an epoxy resin to the crevice edge part of the base 501 as the adhesives 506, 
the lid 507 which consists of a 0.1-mm-thick tabular glass member is pasted together, and the 
adhesives 506 are stiffened. Thus, the light emitting diode with which white can emit light is 



http://www4.ipdl.mpit.go.jp/cgi-bin/tran_web_cgi_ejje?a^^ 2008/06/17 



JP,2002-252372,A [DETAILED DESCRIPTION] 



Page 10 of 10 



obtained as high-intensity and high power are also. 

[005p][E^acnple 2] LED tip 103 which consists of nitride semiconductors like Example 1 as 
shown in drawing 1 . Flip chip mounting is carried out so that the vamp 104 formed on each 
electrode of LED tip 103, respectively and the lead electrode 102 exposed to the recessed 
bottom face of the base 101 may connect, respectively. Next, it is made to solidify, and a tabular 
glass member with a thickness of 0,1 mm which the fluorescent substance contained is formed, 
and let this be the lid 106, after adding and mixing to the glass member of a molten state and 
making it distribute the powder of a YAG;Ce fluorescent substance uniformly. After applying an 
epoxy resin to the crevice edge part of the base 101 as the adhesives 105. the formed lid 106 is 
pasted together and the adhesives 105 are stiffened. Thus, the light emitting diode with which 
white can emit light is obtained as high-intensity and high power are also. 

[0051] [Comparative example 1] Like Example 1, flip chip mounting of LED tip 603 which consists 
of nitride semiconductors is carried out so that the vamp 604 formed on each electrode of LED 
tip 603. respectively and the lead electrode 602 exposed to the recessed bottom face of the 
base 601 may connect, respectively. Next, a YAG:Ce fluorescent substance is well mixed with an 
epoxy resin, and it is considered as a slurry. It is filled up with this slurry in the crevice of the 
base 601, it is stiffened, and the sealing resin 606 which the fluorescent substance 605 
contained is made to form in the crevice of the base 601 . Thus, the light emitting diode in which 
white light is possible is formed. 

[0052][Evaluation] The reliability trial compared the light emitting diode formed by Example 1 and 
the comparative example 1. (a) is Example 1 and graph charts in which (b) shows the result of 
the reliability trial of the comparative example 1, and drawing 7 expresses the luminosity 
retention to the lapsed time of 10 mA, 20 mA, and 40-mA energization with the temperature of 
25 Luminosity shows a relative value on the basis of each initial value. It can be said that. the 
light emitting diode of Example 1 has high luminosity retention compared with the light emitting 
diode of the comparative example 1, and it excels in reliability from this result. It is about 70% in 
the light emitting diode of Example 1 that especially the luminosity retention in 40-mA 
energization had become 40% or less 1000 hours afterward in the light emitting diode of the 
comparative example 1. 

It turns out that it excels in the reliability under high electric current. 
[0053] 

[Effect of the InventionjAs mentioned above, since a fluorescent substance is arranged around a 
light emitting device according to the light emitting diode of the invention in this application, 
without using resin, the light emitting diode excellent in reliability which does not have the fall of 
the luminescence intensity by resin deterioration in the bottom of a prolonged operating 
environment can be obtained. Since there is no degradation by resin, it becomes usable [ under 
high electric current ], and a high-output light emitting diode can be obtained. A light emitting 
diode with high reliability which combined the fluorescent substance which is excited by the light 
emitting device and ultraviolet radiation which emit ultraviolet radiation, and emits visible light 
can also be obtained. 

[0054]With the light emitting diode of this invention, since the fluorescent substance is filled up 
with the powdered state in the cavity, exfoliation by thermal expansion coefficient difference 
does not occur between a LED tip package lead electrode and a sealing member like in the 
conventional light emitting diode, but it excels in reliability dramatically. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis docunnent has been translated by computer. So the translation may not refleot the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]I t is a typical sectional view showing the SMD type light emitting diode of the 1 
embodiment of this invention. 

[Drawing 2]I t is a typical sectional view showing the SMD type light emitting diode of the 1 
embodiment of this invention. 

[Drawing 3]I t is a mimetic diagram showing the SMD type light emitting diode of the 1 
embodiment of this invention. 

[Drawin g 4]It is a typical sectional view showing the can type light emitting diode of the 1 
embodiment of this invention. 

[Drawing 5]lt is a typical sectional view showing the SMD type light emitting diode of Example 1 
of this invention. 

[ Drawing 6]I t is a typical sectional view of the SMD type light emitting diode shown for this 
invention and comparison. 

[Drawing 7] Thev are the graph charts showing the result of the reliability trial of the light 
emitting diode of Example 1 and the comparative example 1. 
[Description of Notations] 
101.201.501,601 ... Base 

102, 202, 402. 502. 602 ... Lead electrode 

103, 203. 304. 404. 503. 603 ... LED tip 

104, 204. 504. 604 ...Vamp 

105, 205. 309. 408, 506 ... Adhesives 

106, 206, 310. 409. 507 ... Lid 

207 ... Fluorescent substance contained layer 

301 ... The 1st metal department 

302 ... The 2nd metal department 
303, 403 ... Insulating member 

305, 405 ... Die bonding material 

306. 406 ... Conductive wire 
307 ... Insulating member 

308, 407. 505 ... Powder of a fluorescent substance 
401 ... Metal stem 

605 ... Fluorescent substance 

606 ... Sealing resin 



[Translation done.] 



http://www4.ipdI.mpitgo.jp/cgi-biiv^tran_web_cgi_ejje?atw_u==htt^ 2008/06/17 



